Medicine, Shimane University School of Medicine-A clustering of insulin resistance, hypertension and dyslipidemia has been labeled as the metabolic syndrome. Asians have a lower frequency of obesity than do Caucasians, but have an increasing tendency toward metabolic syndrome. Most data on metabolic syndrome are based on studies from Western countries with only limited information derived from Asian populations. We conducted a cross-sectional study of individuals aged 30-60 yr in workplace settings. We examined and analyzed the health data of 1,384 Japanese, Koreans and Mongolians for metabolic syndrome based on the modified definitions of the working definition proposed by the Third Report of the National Cholesterol Educational Program Expert Panel on Detection, Evaluation, and Treatment of High Blood Cholesterol in Adults (ATP III definition). The prevalence of metabolic syndrome using the ATP III-BMI30 and ATP III-BMI25 definitions was 7% and 12% for Japanese, 7% and 13% for Koreans, and 12% and 16% for Mongolians, respectively. With the exception of obesity, the prevalences of individual metabolic abnormalities within each of the three Asian groups were similar to each other and to reported rates of prevalence in the U.S.A. Nevertheless, the values of sensitivity and specificity by the metabolic syndrome definitions are remarkably different relative to ethnicity. A universal metabolic syndrome definition is inappropriate for comparisons of metabolic syndrome among Asian ethnic groups. We believe that the ATP III-BMI25 definition is suitable for the determination of metabolic syndrome among Japanese and Koreans, and that the ATP III-BMI30 is more appropriate for Mongolians. (J Occup Health 2005; 47: 126-135) 
The clustering of certain metabolic abnormalities was initially called Syndrome X, and is characterized by resistance to insulin-stimulated glucose uptake, glucose intolerance, hyperinsulinemia, hypertriglyceridemia, hypo-high-density lipoprotein (HDL)-cholesterolemia and hypertension 1) . This clustering was labeled as metabolic syndrome by the World Health Organization (WHO) 2) , and it often develops into type 2 diabetes (diabetes) with premature cardiovascular disease, resulting in an increasingly heavy burden on health care systems and a general decrease in the quality of life. In recent years, prevalence of cardiovascular disease has been increasing in Asia. Since cardiovascular disease is characteristically sudden in onset and life threatening in active workers, it is important to develop preventive measures for health management in the workplace 3) . With the goal of eliminating all adverse consequences of metabolic syndrome, the optimal approach would be its prevention, however, this has been complicated by the use of many definitions of metabolic syndrome, and no standard definition has been routinely used. WHO initially proposed a definition for metabolic syndrome 2) , and the Third Report of the National Cholesterol Educational Program Expert Panel on Detection, Evaluation, and Treatment of High Blood Cholesterol in Adults provided a new working definition (ATP III definition) 4) . Although, most of the data on metabolic syndrome are from studies from Western countries with only limited information derived from Asian populations 5) . Visceral obesity has been proposed as the most important determinant of metabolic syndrome [2] [3] [4] [5] . Obesity is increasing rapidly among Asian workers and has become a common health problem in the workplaces in Asia [7] [8] [9] . The International Obesity Task Force of WHO proposed a system of classification which selected a BMI of 30.0 for obesity (WHO BMI criteria) 6) , This is similar to the classifications used in a number of past studies in Europe and the U.S.A. based on mortality and morbidity outcomes 4) . Obesity, as defined by the WHO BMI criteria as BMI ≥30.0, exists in no more than 2-3% of the Japanese population, in contrast to 10-20% for Europe and the U.S.A 7) . While in Asian workers the prevalence of obesity is lower than that in Western countries, obesityrelated health risks to Asians increase at a relatively lower BMI [7] [8] [9] . Furthermore, a mildly-to-moderately overweight condition in Asians is related to several chronic conditions such as diabetes, stroke, dyslipidemia, osteoarthritis and some cancers [7] [8] [9] [10] [11] [12] [13] . The WHO expert consultation report in 2004 stated that the universal BMI criteria developed by WHO 6) are not suitable for Asian populations, as Asian populations have different associations between BMI, percentage of body fat, and health risks than do Caucasian; however, there was no recommendation for new clear BMI cut-off points for Asians in general 14) . Thus, it is of some importance to examine and report on the present day situation of metabolic syndrome in obese and overweight Asians, and to develop simple and reliable measurement indicators for obesity for use in metabolic syndrome definition.
We investigated and compared the prevalence of metabolic syndrome using two modified versions of the ATP III definition adjusted to indices of obesity for Asians in three Asian ethnic populations, which are relatively close genetically 15) , but also have relatively large differences in body composition 13, 16, 17) .
Subjects and Methods

Subjects
A total of 752 Japanese aged 30-60 yr, (388 men and 364 women) participating in regular health check-ups at manufacturing facilities in Shimane Prefecture, Japan in 1999-2002 were recruited for this study and a total of 418 Koreans (240 men and 178 women) were recruited during regular health check-ups at workplaces by the Health Promotion Center of Dong-A University in Busan, Korea in 2003. The overall survey recovery rate was 95% for the Japanese and 99% for the Korean participants of these health check-ups. We selected a total of 257 Mongolians aged 30-60 yr (102 men and 155 women) by random sampling from lists of workers of two large companies (cashmere factory and power plant) in Ulaanbaatar, Mongolia. Information on each participant's lifestyle was obtained using a self-reported questionnaire, including habits on smoking, alcohol consumption, exercising for over 20 min twice a week, meat intake more than twice a day and fish intake more than once a week. Workers whose data were incomplete were excluded, leaving a total of 1,384 workers (719 Japanese, 408 Koreans and 257 Mongolians) as subjects for the present study.
No subjects were using prescription medications for diabetes, hyperlipidemia or hypertension. We used the same research design and protocols for all subjects to avoid anthropometric and biochemical methodological errors. The ethics committee of Shimane University School of Medicine approved all study protocols, and all subjects gave written informed consent.
Measurements
We measured height and body weight, with subjects dressed in very light clothing after an overnight fast, as previously described 12, 13) . The body weight of each subject was measured with a standard scale to an accuracy of ± 0.2 kg, and height was measured to an accuracy of ± 0.5 cm using a height bar fixed on a wall, with subjects standing straight with back, buttocks and heels against the wall. BMI was calculated as weight (kilograms) divided by squared height (meters squared). Blood pressure was measured using a standard mercury manometer with the participants seated.
Venous blood was collected from the antecubital vein after a 12-h overnight fast. Blood samples were separated, then frozen at -80°C until used for analysis, all within a three-month period. The concentrations of total cholesterol, HDL-cholesterol (HDL-C), triglyceride and glucose were measured using an enzymatic assay kit (Cholesterol E-test, HDL Cholesterol E-test, Triglyceride G-test and Glucose CII-test, Wako Pure Chemical, Osaka, Japan) at the Shimane University School of Medicine. The levels of low-density lipoprotein cholesterol (LDL-C) were calculated by the following formula: total cholesterol (mg/dl) -HDL-C (mg/dl) -0.20 × triglyceride, in the case of less than 400 mg/dl of triglyceride, or total cholesterol (mg/dl) -HDL-C (mg/dl) -0.16 × triglyceride, in the case of or more than 400 mg/dl of triglyceride 18) . The concentration of insulin was measured by the Insulin-EIA test (Wako Pure Chemical, Osaka, Japan). Homoeostasis model assessment-insulin resistance (HOMA-IR) was calculated by the following formula: fasting plasma insulin (µU/ml) × fasting plasma glucose (mg/dl)/405 19) .
The ATP III definition clusters risk factors related to obesity and insulin resistance 4) . We investigated and compared the prevalence of metabolic syndrome using two modified versions of the ATP III definition adjusted to indices of obesity for Asians, because of the lack of standardization of waist circumference (WC) for Asians ( Table 1) . Subjects were deemed to have metabolic syndrome if they had three or more of the following five criteria: ① obesity; ➁ hypertriglyceridemia, ≥150 mg/dl; ➂ low HDL-C, <40 mg/dl for men and <50 mg/dl for women; ④ high blood pressure, ≥130/85 mmHg; and, ➄ high fasting glucose, ≥110 mg/dl. The WC of the ATP III definition was replaced with that of BMI ≥30.0 in the ATPIII-BMI30 definition, according to the WHO criteria 6) , with that of BMI ≥25.0 in the ATPIII-BMI25 definition, according to the WPRO BMI criteria 8, 12) .
Statistical analyses
Analysis of data was done with SPSS statistical analysis software (Version 12.0J, SPSS Inc, Tokyo, Japan). The results are expressed as mean ± standard deviation. Since the data for triglyceride, insulin and HOMA-IR were s i g n i f i c a n t l y s k e w e d , w e t r a n s f o r m e d t h e m logarithmically before performing statistical analyses. The general Kendall test was used for the frequency of the ethnicity and post hoc analyses by means of the Kendall test for two independent samples were used for the frequency of each ethnicity using the Japanese group as the reference category. One-way ANOVA for the three ethnic groups were used to assess the differences in anthropometric and metabolic parameters by ethnicity, and post hoc analyses were performed by the Bonferroni test for two independent samples, again using the Japanese group as the reference category. The differences in slopes of the regression lines for these relationships by ethnic groups were assessed by using general linear model (GLM) multivariate analyses. A nominal two-sided p-value of less than 0.05 was used to assess the significance.
The validity of the two metabolic syndrome definitions was measured for sensitivity and specificity 20) . With these criterion values, subjects deemed to have a metabolic abnormality, and who were also classified according to the particular metabolic syndrome definition as having a metabolic abnormality, represented the true-positive cases. Metabolically normal subjects classified by the study definition as having a metabolic abnormality represented false-positive cases. Sensitivity (true-positive rate) was determined by calculating the proportion of subjects having a truly abnormal metabolic parameter of the subjects identified as having metabolic syndrome as defined by one of our definitions. Specificity (falsepositive rate) was calculated as the proportion of subjects with truly normal metabolic parameters of the subjects who were normally identified by the metabolic syndrome definition.
Results
Lifestyle, anthropometric and metabolic parameters by ethnicity
Lifestyle, anthropometric and metabolic parameters by ethnicity are shown in Table 2 . The Korean men had a significantly higher frequency of smoking, compared with the other ethnic groups. The Japanese and Koreans ate fish more frequently, while the Mongolians consumed meat more frequently. The Japanese group contained a greater proportion of blue-collar workers, with the Korean and Mongolian women having the lowest percentages. The Korean men and women had the highest rate of exercising more than twice a week.
Regarding anthropometric parameters, the Mongolians had significantly higher values for body weight and BMI, followed by the Koreans, and then the Japanese. The Mongolians also had significantly higher diastolic blood pressure levels, and significantly lower levels of LDL-C than the Japanese. The Mongolians had significantly higher levels of insulin, relative to the Japanese. Relative to the Japanese, the Koreans had significantly higher values for triglyceride and lower values for HDL-C; the Korean men had significantly higher values for LDL-C, and the Mongolians had significantly higher values for diastolic blood pressure, insulin and HOMA-IR and lower values for total cholesterol and LDL-C.
Prevalence of anthropometric and metabolic abnormalities
Anthropometric and metabolic abnormalities by ethnicity are shown in Table 3 . In anthropometric abnormalities, the Japanese, Korean and Mongolian men respectively were 2%, 4% and 21% ≥30.0 BMI, and 28%, 38% and 61% ≥25.0 BMI; of the Japanese, Korean and Mongolian women, 3%, 4% and 17% respectively, were ≥30.0 BMI, and 20%, 32% and 48% respectively, were ≥25.0 BMI. The Koreans had significantly lower values for BMI, relative to the Mongolians, and were on average 1.3 BMI heavier than the Japanese ( Table 2) .
The Korean men showed a significantly lower prevalence of high blood pressure and significantly higher prevalence of hypertriglyceridemia, and the Korean women showed a significantly lower prevalence of high blood pressure and higher prevalence of low HDL-C, all relative to their Japanese counterparts. The Mongolian women had a significantly lower prevalence of hypertriglyceridemia and higher prevalence of low HDL-C, relative to the Japanese women ( Table 3) . The relationships between BMI and triglyceride or HDL-C are shown in Fig. 1 . A positive correlation between BMI and triglyceride was observed, and a significant negative correlation between BMI and HDL-C was observed for the Japanese, Koreans and Mongolians. The slope of the regression line for the relationship between BMI and triglyceride was significant for the Mongolians, relative to the Japanese and Koreans. The slope of the regression line for the relationship between BMI and HDL-C was significant for the Japanese, relative to the Koreans and Mongolians. The prevalence of the one or more metabolic abnormalities of metabolic syndrome except for indices of obesity is shown in Table 4 . The prevalence of accumulated metabolic abnormalities was not significant between the three ethnic groups.
Prevalence of metabolic syndrome using the two definitions
The prevalence of metabolic syndrome by definition including indices of obesity is shown in Table 5 . The prevalence of metabolic syndrome using the ATP III-BMI30 and ATP III-BMI25 definitions was 7% and 13% for Japanese men, 8% and 14% for Korean men, and 16% and 19% for Mongolian men, respectively; for the women, it was 6% and 12% for Japanese, 5% and 12% for Korean men, and 10% and 14% for Mongolians, respectively, with no significant differences. There were no significant differences in the prevalence between the Koreans and Japanese under the ATP III-BMI30 and ATP III-BMI25 definitions. In contrast, the Mongolian men had a significantly higher prevalence under the ATP III-BMI30 definition than the Japanese and Korean men, but there was no significant difference in the prevalence among the three ethnic groups under the ATP III-BMI25 definition.
Sensitivity and specificity of the two metabolic syndrome definitions
The sensitivity and specificity for metabolic abnormalities were calculated to examine the validity of the individual definitions for metabolic syndrome ( Table  6 ).
The higher values of specificity were for the ATP III-BMI30, relative to ATP III-BMI25 definitions for all ethnic men and women. The values of sensitivity for the two definitions were remarkably lower than their values of specificity. For the Japanese and Korean men and women, sensitivity values under the ATP III-BMI25 definition were nearly twice those for ATP III-BMI30, while values of specificity in the ATP III-BMI30 definition were 1-6% higher than those for ATP III-BMI25. In contrast, for the Mongolians, the values of sensitivity in the ATP III-BMI30 were slightly lower, relative to the sensitivity values of ATP III-BMI25 definition.
Regarding individual metabolic abnormality, the higher sensitivity values in the two metabolic syndrome definitions were low HDL-C (35-55%) and high glucose (30-44%), followed by high triglyceride (24-46%), and high blood pressure (21-31%) in the Japanese men. In the Japanese women, the higher values of sensitivity in the definitions were high triglyceride (47-67%), followed by high glucose (29-40%), high blood pressure (26-34%), and low HDL-C (21-33%). In the Korean men, the higher values of sensitivity in the two metabolic definitions were high glucose (37-47%), low HDL-C (31-48%) and high blood pressure (25-50%), followed by high triglyceride (20-37%). In the Korean women, the higher sensitivity values were high blood pressure (57-71%) and high glucose (38-75%), followed by high BP, blood pressure; TG, triglyceride Sensitivity (true-positive rate) was determined by calculating the proportion of subjects having an truly abnormal metabolic parameter of the subjects identified as having metabolic syndrome as defined by one of our definitions. Specificity (false-positive rate) calculated the proportion of subjects with truly normal metabolic parameters of the subjects who were normally identified by the metabolic syndrome definition. The cut-off values to define for metabolic syndrome were established at 130/85 mmHg for blood pressure, at 40 mg/dl for men and 50 mg/dl for women for HDL-C, at 150 mg/dl for triglyceride, at 110 mg/dl for glucose, all according to ATP III criteria.
triglyceride (25-60%), and low HDL-C (10-22%). In contrast, the higher values of sensitivity in the two metabolic syndrome definitions for the Mongolian men were high glucose (64-75%) and high triglyceride (65-78%), followed by low HDL-C (57-64%), and high blood pressure (30-35%) . In the Mongolian women, the higher values of sensitivity were high glucose (90-100%) and high triglyceride (60-80%), followed by low HDL-C (25-33%), and high blood pressure (30-35%).
Discussion
We have previously reported Mongolians as having a higher prevalence of obesity and higher body fat percent, in comparison with the Japanese population 13) . The present study shows that the Korean groups had significantly lower values for BMI, compared with those of the Mongolians, but were 1.3 BMI heavier than the Japanese.
The present results demonstrate that the relationships between the metabolic syndrome definitions including BMI and predicted metabolic abnormalities are remarkably different relative to ethnicity. The Koreans and Japanese had significantly higher values for triglyceride, total cholesterol and LDL-C, compared with the Mongolians, who had greater BMI values. Metabolic conditions promoting the onset of obesity are characterized by reduced clearance in the plasma and higher production rates of very low-density lipoprotein in the liver, resulting in a higher level of triglyceride in the plasma 21) . Recent evidence indicates that a high carbohydrate diet for rodents and humans affects levels of plasma triglyceride by induction of stearoyl-CoA desaturase activity in the liver 22) . Randomized clinical trials have revealed that a carbohydrate-restricted diet results in remarkable decreases in plasma triglyceride levels 23) . Koreans and Japanese intake large amounts of dietary carbohydrate 24, 25) , while Mongolians consume large quantities of meat and dairy products 26) . These differences in carbohydrate intake would appear to contribute to the higher levels of triglycerides in the Japanese and Korean groups, relative to the BMI-matched Mongolians 27) . In the present study, values of total cholesterol and LDL-C levels were similar for the Koreans and Japanese. Total cholesterol values for Korean adults increased by 39% from 1964 to 1993, reaching levels similar to those in Japan and the U.S.A. 24, 28) , likely as a result of rapid industrialization and urbanization in Korea which promoted an accelerated nutrition transition including increases in intake of animal food products 24) . The resulting increases in hypercholesterolemia have induced an increased incidence of coronary heart disease in Korea 28) . In contrast, the Mongolians had a higher BMI level but a lesser gradation of dyslipidemia than the Japanese and Korean groups. Mongolia has undergone a dramatic social transition since 1990, with a growing urban population consuming meat and dairy products less frequently than the pastoral population 29) . Further, consumption of alcohol and tobacco and lack of exercise are becoming increasingly common 30) . This urbanization and the attendant relatively unhealthy lifestyles may have contributed to the remarkable adiposity, despite the lower levels of plasma triglyceride and total cholesterol in our Mongolian subjects.
The prevalence of metabolic syndrome using the ATP III-BMI30 and ATP III-BMI25 definitions was 7% and 12% for the Japanese, 7% and 13% for the Koreans, and 12% and 16% for the Mongolians, respectively. There were no significant differences in the prevalence of metabolic abnormalities except for obesity among the three Asian ethnic groups, in spite of great differences both in BMI and in the metabolic parameters. Nevertheless, the values of sensitivity and specificity by the metabolic syndrome definitions are remarkably different relative to ethnicity. Our Japanese and Korean subjects showed the ATP III-BMI25 definition had higher values of sensitivity and slightly lower values of specificity, relative to the ATP III-BMI30. Under the ATP III-BMI25 definition, the prevalence of metabolic syndrome doubles to 12% in the Japanese up from the 6% for the ATP III-BMI30, and drawing the figure closer to levels of metabolic syndrome in the U. S. A. [31] [32] [33] The Mongolian men showed a significantly higher prevalence of metabolic syndrome under the ATP III-BMI30 definitions than did the Japanese and Korean men, but this significant difference vanished under ATP III-BMI25. For the women, there were no significant differences in the prevalence of metabolic syndrome under any of the two definitions.
Our Japanese and Korean subjects showed the ATP III-BMI25 definition had higher values of sensitivity and slightly lower values of specificity, relative to the ATP III-BMI30, but the Mongolian subjects showed the ATP III-BMI30 definition had higher values of specificity and slightly lower values of sensitivity, relative to the ATP III-BMI25. We reported that optimal cut-off values predicting multiple metabolic disorders were estimated at 23-24 BMI for Japanese and 27 BMI for Mongolians 34) . Therefore, we believe that the ATP III-BMI25 definition is suitable for comparisons of metabolic syndrome among Japanese and Koreans, and that the ATP III-BMI30 is more appropriate for the Mongolians. In our previous study, the Japanese showed an association between BMI ≥25.0 and higher values for blood pressure, triglyceride insulin and HOMA-IR, and lower values for HDL-C 12, 13) . Furthermore, as BMI is the commonly used indicator of body fatness for persons having a BMI ≥25.0 35, 36) , BMI may be useful in making comparisons pertaining to metabolic syndrome among Japanese and Koreans as the index of obesity. This is the first report to demonstrate the prevalence of metabolic syndrome under the modified ATP III definitions in Asian ethnic groups, while using the same research design and protocols for all subjects to avoid anthropometric and biochemical methodological errors. Our methods do have some limitations. Recently, visceral obesity was clinically diagnosed through use of CT of the visceral fat areas. Although the use of CT is expensive, further investigation of the effects of differences in the visceral fat areas should provide more insight into the roles of adiposity in metabolic syndrome. The cross-sectional approach to estimate the relationship of the metabolic syndrome definitions to the metabolic abnormalities means that we examined no data on causality. Another limitation is the relatively small number of subjects. We minimized the potential for a selection bias with a greater than 95% recovery rate of surveys from participants among the workers in Japan and Korea, and by randomly choosing participants from lists of workers in Ulaanbaatar, Mongolia. Mean values of 22-23 BMI for the Japanese and Koreans and 26 BMI for Mongolians have been reported in several population-based investigations in Japan 7, 10, 11, [37] [38] [39] and by national surveys in Korea 17, 40, 41) and Mongolia 16) , all in line with our results for values for BMI in our ethnic groups. Mean values of plasma lipids for Japanese and Koreans have also been reported by national surveysJapanese 7, 10, 11, [37] [38] [39] ; -Koreans 17, 40, 41) , again in line with our results for lipid profiles of the Japanese and Korean subjects. For Mongolians, a lipid profile is not yet available. Further investigation of the effects of differences in genetic background, social status and diet should provide more insight into their roles in metabolic syndrome.
In conclusion, we believe that our ATP III-BMI25 definition is suitable for the determination of metabolic syndrome among Japanese and Koreans, and that the ATP III-BMI30 is more appropriate for Mongolians. The present investigation also suggests that metabolic abnormalities are affected by obesity and may be affected by the metabolic component of the diet, which in turn may have some impact on metabolic syndrome in an ethnic-specific manner.
